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Abstract

4-[(2-Amino-4-phenylazo)-methyl]-cyclo hexane carboxylic acid, a new Azo
(LH2) ligand, was synthesized by reaction of the diazonium salt of trans-4-(amino-
methyl) cyclo hexane carboxylic acid with 3-amino phenol. The azo ligand was
characterized by micro elemental analysis (C.H.N.O.) and TGA as well as
spectroscopic techniques (UV-Vis, FTIR, 'H-NMR, and LC-Mass). Atomic
absorption, elemental analysis, infrared, LC-Mass, TGA, and UV-Vis spectral
methods, as well as conductivity and magnetic susceptibility, were used to
characterize the complexes of Ni (1), Pd (II), and Pt (IV). The following general
formula has been given for the produced compounds based on the results obtained,
which are as following: the Ni (I1I) complex has a 1:1 metal-ligand ratio, but the Pd
(I1) and Pt (1V) complexes have a 1:2 metal-ligand ratio.
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1. Introduction

Numerous industries utilize aromatic azo compounds extensively. For instance, the azo
compounds are employed as organic dyes, markers, radical reaction catalysts, therapeutics,
and drug delivery systems [1]. They are also important in different area, azo compounds (R-
N=N-R) are important chemical compounds used in a wide range of products, such as organic
reagents, paints, food coloring, and color filters for LCD displays [2]. Among the biological
functions of azo compounds, which also include antibacterial, antifungal, pesticidal, antiviral,
and anti-inflammatory characteristics, are antitumor, antioxidant, drug delivery compounds,
and drug polymers [3-5]. A lot of interest has been paid to azo compounds metal complexes
because of their applications in dyes, pigments, functional materials, and optical computing
[6]. Azo compounds have various efficient groups that may form coordination complexes
with a variety of metal ions, making them helpful in a wide range of chemical analytical
fields. Preparing these substances and examining their characteristics and efficacy, notably the
differences, have attracted the attention of several researchers.[7]

Trans-4-(aminomethyl) cyclohexane carboxylic acid, with the formula CgHisNO,, is the
chemical name for tranexamic acid. It is the closed cyclic analog of lysine [8-10]. It has been
routinely used to prevent excessive blood loss during both normal surgery and trauma because
it has strong anti-fibrinolytic characteristics [11-13]. The main objective of the current study
is the 4-[(2-Amino-4-phenylazo)-methyl] cyclohexane carboxylic acid and its Ni (I1), Pd (I1),
and Pt (IV) complexes were synthesized and characterized using spectrum methods, micro
elemental analysis, TGA, and for complexes, using atomic absorption, elemental analysis, as
well as conductivity and magnetic quantifications.

2. Experimental

2.1. Materials and instrumentation

All chemicals and reagents were purchased from commercial sources (Sigma-Aldrich, Merck,
and others). The Euro vector model EA/3000, single-V.3.0-single, was used to conduct
elemental analyses (C, H, and N). Metal ions were estimated as metal oxides using a
gravimetric method. The complexes' molar conductance was measured using a
Conductometer WTW at 25°C at a concentration of 1x10~2 M. Dimethylformamide was used
to dissolve all of the complexes (DMF). A Mass spectrometry (MS) type QP50A: DI Analysis
Shimadzu QP-2010-Plus (E170Ev) was used for conducting all the mass measurements of the
target molecules. The UV-Vis spectrophotometer type 1800 Shimadzu was used to obtain the
wavelengths of the molecules. A Brucker300 MHz was used to record the proton nuclear
magnetic resonance (*H-NMR) spectra for ligand in DMSO-d®. The IR Prestige-21 was used
to investigate the Fourier transform infrared (FTIR) spectra, and the Perkin-Elmer Pyris
Diamond TGA was used to conduct thermogravimetric studies.

2.2. Synthesis of azo dye ligand: 4-[(2-Amino-4-phenylazo)-methyl]-cyclohexane
carboxylic acid

Tranexamic acid (0.1577 g, 1.0 mmol/L) was melted in a solution of 5 mL ethanol and 3 mL
concentrated HCI before being diazotized at 5 °C with a 10 percent NaNO, solution. For 3-
aminophenol (0.109 gm, 1.0 mmol/L), a diazotized solution was added to a cooled ethanolic
solution while being stirred at room temperature. After direct merger, a dark colored mix and
azo ligand precipitation were seen. This deposit underwent filtering, several ounces of
washing, and drying for a (1:1) (C,HsOH: H,O) combination. The solution is shown in
Scheme (1) [14].
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Schemel. Synthesis of azo dye ligand and metal complexes

2.3. General method for the preparation of metallic ions complexes

Metal chlorides were used to generate the metallic ions complexes for Ni (I1), Pd (Il), and Pt
(IV). To a stoichiometric mixture of (1.0 mmol/L) of [1:1] M: L for Ni (Il) chloride salt and
(0.5m.mol) of [1:2] M: L for Pd (Il) and Pt, a stoichiometric amount of 0.331g (1m.mol) from
azo ligand, dissolved in 10 ml 100% ethanol, was progressively added in drops with shaking
(V) After being heated for two hours at (50-70) °C, the mixture was cooled in an ice bath till
precipitation formed, and then left overnight. The solid complexes were separated and rinsed
with distilled water and a tiny quantity of hot ethanol to get rid of any residual constituents.
Lastly, the complexes were dried using vacuum desiccators. The analytical and physical
properties of the ligand and its metal complexes are summarized in Table 1.

Table 1- Pysical properties & analytical data of ligand & their complexes

Elemental microanalysis%
C H N 0 M o]
Comp. Foﬂiﬂlﬁl Color mp Found | Found | Found | Found | Found Fo(l:JInd
Wt C H N o) M Calc
Calc Calc. Calc. Calc. Calc.

Cus Fio N3O5 280- | 6211 | 502 | 17.05 | 1603 | - -

LH, 276 Brown |\ 282 7606 | 685 | 1516 | 17.3 - -
[NILH (H,0) | CuHoCIN:NIO, | o | >300 | 4245 | 377 | 1271 | 1821 | 1688 9.54
cll 388 4329 | 515 | 1083 | 1649 | 1513 | 9.15

CroHNePdO, | Deep 5211 | 410 | 1442 | 1310 | 1801 | -

[Pd (LH).] 659 Brown | 2% 5009 [ 5.46 | 12.74 | 1456 | 1615 | -

CraHaNGPIO; >300 | 4474 | 401 | 1274 | 1374 | 25.08 | -

[Pt(LH).] 745 Brown 451 | 4563 | 456 | 11.27 | 2619 | -

3. Result and discussion

3.1. Physical and chemical properties of azo dye ligand

The amorphous appearance of the azo dye ligand (LH,), which gives the appearance of a fine
brown powder, makes it stand out. This synthetic ligand is soluble in both water and DMSO,
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although it dissolves in ethanol much more easily. The azo ligand and metallic ions
complexes that were created were stable in the presence of air.

3.2. 'H-NMR spectra

The ligand LH,'s *H-NMR spectra in DMSO-d® are displayed in Figure 1. The spectra showed
a peak at & (1.38) ppm, which was attributed to chemical reactions involving -N=N-CH,. The
peaks at &6 (1.9) ppm were attributed to the chemical shift of (CH,-CH;) protons on
Tranexamic acid. The CH,-COO proton in the cyclohexane ring was linked to several signals
at 6 (2.69) ppm for the ligand. The NH; group is visible as a singlet at 4.61 ppm. The greatest
signal, at 6 9.16 ppm, was attributed to the proton (OH) phenolic ring. The numerous peaks at
5, (6.82-7.56) ppm are ascribed to the aromatic protons of benzene groups. The singlet signal
at & (11.49) ppm is caused by the proton (OH) of the carboxyl group COOH [15].

16 15 14 L) "2 AR} 10 9 0 \/ o 5 a4 3 2 1 O ppm

3 55F 4 BE

o -

Figure 1-"H-NMR spectrum of ligand

3.3. Electronic spectra measurements

The UV-Vis spectra of the ligand LH, and its complexes are displayed in Table 2 and Figure
2. A peak with a high intensity band produced with absorption maxima at (302 nm, 33112.5
cm™) attributable to the n—m* transition, a peak with a high intensity band formed with
absorption maxima at (302 nm, 33112.5 cm™). The [Ni(L) (H20) CI] complex's electronic
spectra showed three absorption peaks in Figure 3. The peak at 372 nm is assigned to the
ligand, while the peaks from the (C.T) complexes and one peak at 670 are due to the (d-d)
electronic transitions types 3T1—>3T1(p). Furthermore, the magnetic moment of the Ni (I1) (d®)
complexes is found to be 3.9. The tetrahedral geometry is consistent with all of the
aforementioned data [10].

The peak at 313 nm and the peak at 648 nm with shoulders at range (375-494) nm,
respectively, were assigned to the electronic spectra of the diamagnetic Pd (I1) complex and
suggest a square planar structure in Figure 4 (‘A;; —'Ayy and *Ajg—'Byq transitions,
respectively). While the electronic spectra of the Pt (IVV) complex revealed three peaks at 367
nm corresponding to the ligand field and peaks at 537 and 654 nm corresponding to
'A1;—'T,y and 'A;;—'Ty,, respectively indicating an octahedral geometry and the Pt (V)
complex was diamagnetic [16, 17].
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Figure 3-Electronic spectra of Ni (1) complex Figure 4-Electronic spectra of Pd (I1) complex

Table 2- Electronic spectral data of the metal complexes with LH, ligand and molar
conductivity in DMSO (1 x 107 M)
Complexes Amax 1 € max L . Am CM?
Geometry (nm) vem ABS mol‘em™ Assignment | 1ot
302 33113 0.248 248 e
LH, 330 30303 0.235 235 n—n"
426 23474 0.204 204 non’ )
[Ni (LH) (H,0) CI] 327 30581 1.17 1170 R
(362-445) | 27624-22472 | 0.477 477 “C_}F
Tetrahedral 670 14925 0.26 260 s 12
Tip—=>"Tap)
[Pd (LH),] 318 31447 0.188 188 e
Square planar (375-494) | 266667-20243 | 0.109 109 'Alg—'AQ 16
648 15432 0.067 67 LA,0—'B1g
258 38760 0.338 338 T
[PHL),] 367 27248 0.077 77 T
Octahedral 537 18622 0.047 47 LAg —'T,g 17
654 15291 0.035 35 'Ag—'Tg

3.4. Liquid chromatography—mass spectrometry (LC-MS) measurements

To obtain the mass spectra of the new ligand and metal complexes, electron impact of
fragmentation was employed. In general, substantial fragments associated to breakdown
products as well as the free azo ligand and its complexes were recovered using high-
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resolution MS [18]. The electron impact mass spectrum of the ligand LH, is seen in Figure 5.
The predicted molecular weight of this ligand is 277 g/mol. A signal at 276 m/z in the spectra
was assigned to [M]" and related to the new azo moiety C14H;9N30s. Other fragments may be
responsible for the characteristic peaks at 137, 84, and 55 m/z. Their brilliance denotes the
stability of the parts. The mass spectrum of the Ni (II) complex is shown in Figure 6. The
complex moiety C14H20CIN3NiO, in the spectrum showed a peak at 388 m/z, which matched
the peak of the complex moiety. The 261 and 127 m/z peaks at various frequencies might be
attributable to other parts. The mass spectrum of the Pd (I1I) complex is shown in Figure 7. A
peak at 659 m/z in the spectra allowed for the identification of the chemical moiety
C2sH3sNsO6Pd. Other components may be responsible for the characteristic peaks at 256, 150,
123, and 119 m/z. The Pt (IV) complex's electron impact mass spectrum is shown in Figure 8.
A signal at 745 m/z in the spectra helped to identify the complex moiety C3oH2sN,OgPtCls.
Other distinctive peaks at 359, 150, 123, and 106 m/z might be attributed to other pieces. In
Schemes 2-5, suggested fragmentation routes and structural assignments of pieces are given.
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3.5. Infrared spectra measurements

FTIR data was utilized to identify the functional groups in molecules, particularly organic
compounds, when coordination occurs via the modification of the functional group
frequencies (that have the donor atom) [19]. In some instances, when coordination occurs
through the fluctuation of the functional group frequencies, it can really provide suggestions
for complexes formation (that have the donating atom). The data has been collated and is
presented in Table 3 along with the spectra of the azo ligands and their metal chelates
complexes with Ni (1), Pd (1), and Pt (IV). The ligand had bands at 3429 and 3275 cm-1 that
were attributed to the (NH2) stretching mode, but these bands were attenuated to a lower
frequency in the spectra of all synthesized compounds, indicating coordination with a metal
ion [20]. The (N=N) stretching vibration was attributed to the band seen at 1454 cm™ [21] in
the unbound azo ligand (LHy). This band was discovered in the compounds' spectra around
1454-1456cm™. The engagement of the azo group in chelation was verified by a change in the
azo group of the azo ligand [21,22]. Additionally, earlier research has demonstrated that the
azo-dye nitrogen is always more likely to promote complexity in the presence of transition
metals [23]. It was challenging to prove that this group was engaged in chelate formation
because of the coordinated water molecules present in the Ni (II)complex. The presence of
OH bands in the IR spectra of the Ni (II) complex in the 3442cm-1 was attributed to the
presence of coordinated water molecules in the coordination sphere. Additionally, it was
demonstrated that stretching vibrations between 833 and 696 cm-1 related to v (M-OH). The
fact that water molecules are participating in the coordinating process is strongly supported by
this [24].

For the unbound ligand, the IR spectra revealed a wide stretching vibration band at 3462
cm*, which might correlate to the OH of the phenolic group [25]. The band at 1284 cm *was
assigned to the v(C-O) stretching vibration of the phenolic group of the free azo-dye ligand
due to the coordination with the Pt (IV) ion [26], and the band at 1284 cm*was attributed to
the v(C-O) stretching vibration of the phenolic group of the free azo-dye ligand. This band
shifted in the Pt complex, showing that the deprotonated phenolic OH group is involved in
coordination [27]. When comparing the spectra of all complexes to the free ligand, new bands
emerged solely in the produced complexes, indicating that they had been successfully
synthesized. In the Ni (II) complex, three bands at (510,466), 420, and 383 cm™ were
attributed to v (M—N), v (M-0), and v (M-CI), respectively. In the Pt (IV) complex, two
bands at (568,443) and 410-416cm™ were attributed to v (M—N) and v (M—O), respectively
[10, 21, 28] and v (M—N) in the Pd (I1) complex was given two bands at 487 and 466cm™. The
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ligand and its metal complexes' IR spectra are displayed in Figures 9 and 10. The azo-dye
ligand then coupled to metal ions through three sites, including the nitrogen site of the azo
group, the main amine, and the oxygen site via deprotonation of the amine and phenolic
groups, as shown by the IR spectra of all the compounds generated [16,21,28]. As a result, in
the Pt complex, the ligand behaved as an N, N, orientate ligand, whereas in the Ni and Pd
complexes, it behaved as an N, N bidentate ligand. The produced complexes spectra reveal a
strong absorption band at 1666 cm™owing to v(C=0) of carboxylic group, which is detected
with a little change in shape and moved to higher frequencies 1676-1670 cm™. These
discrepancies point to hydrogen bonding between the carboxylic group's C=0 and the
orthogonal OH group. The azo group was shifted toward lower frequencies in their complex’s
spectra, and the primary amine group appeared within the 3440 cm™region, as well as the
disappearance of the resorcinol hydroxyl group. These findings can be explained by the
participation of NH &azo- nitrogen in coordination with metallic ions, as seen in complexes
spectra [20-24,29,30].

Table 3- The IR spectra bands (cm™) of the free ligand and its complexes

NH vCO v(H,0
Comp. vOH vOH v(NH, v(NH v(N=N 2
P phenolic | carboxylic ) () carboxy () ) Other bands
lic Coord.
3429
LH, 3462 3252 3975 - 1639 1454

[NiLH(H,0)Cl 3442 | v M-(509,466)

1 3467 3265 - 3414 1693 1454 833 v M-0(420)
696 v M-CI(383)
[(PA(LH),] 3477 3201 _ 3407 1635 1458 - » M-(487,466)
1456 ] v M-(468,443)
[Pt(LH),] 3485 3218 ) 3421 1369 » M-O(416)
us
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Figure -9 FT-IR spectrum of ligand LH, Figure -10 FT-IR spectrum of Ni-complex

3.6. Thermal measurements

Figures (11-13) show the TG and DTG findings of thermaldecomposition of the ligand LH,
and their metal complexes. Table 4 contains information on the thermal degradation process.
The prepared complexes displayed a decomposition in the thermo- gravimetric decomposition
curve, with the ligand exhibiting little thermal stability at 50°C, comparable to the little
stability complexes in the range of 30°C for Pd and 40°C for Ni complexes, indicating the
presence of water molecules in the Ni complex, whether water hydrate or aqua. According to
the data in Table 4, the ligand decomposes in three degrees while leaving an intact fraction,
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and Ni decomposes in three ranges with an intact residue. The Pd complex decomposes in two
phases with an intact residue, but only in two stages. This matches both the calculated values
and the suggested formula [31-37].
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Table 4- Thermal decomposition of Ligand and its complexes

5 -
Th_ermograv DSC % Estimated (calculated) Assignment
Compound imetric max °C Mass | Total mass
range °C ass 10ss loss
50-170 83.3(Endo) 7.3(6.5) -H,0
(L) 170-241 262.2(Ex0) 7.33(5.8) 92.53 -NH,
241-389 299.5(Exo) 43.6(45.8) (93.52) -C;H;,0,
389-600 390(Endo) 9.5(9.7) -CHN
500(Ex0) 32.13(32.22)
. i 95.5(Endo) 2.5(2.3) -0.5H,0
[Ni L g'l](Hzo) 14002 _130120 246.9(Endo) | 15.88(16.46) 90.84 -C3H,0
310595 356.7(Endo) 72.46(71.78) (90.54) | -Ci11H1;CIN;O,(0.5Ni)
522(Ex0) 9.16(9.66) -0.5NiO
89.1(Endo) -0.5H,0
0120 | 1989(Endo) 91(52427((15372) 91.69 | -CosHasNsOs(0.5Pd)
[Pd (LH),] 120-595 309.5(Endo) 3 '31(9 26) (90.77) -0.5PdO
560(Exo0) ' '
Conclusion

A completely new acid dye that has never been produced before serves as the ligand. The
ligand and its complexes were identified using 'H-NMR, IR, UV-Vis, TGA, and mass
spectral methods. It was discovered that there was a good correlation between the estimated
values and the elemental analysis' findings. The IR data revealed that the ligand had a
tridentate nature. Multinuclear NMR data show that -N, N O moiety is the mechanism of
complexity. Because complex molecules are more stable, less machinery is needed to
accelerate the process.
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